This paper investigates the effects of real exchange rates on manufacturing exports in 10 East African countries. The study uses pooled mean group and mean group estimators with an Autoregressive Distributed Lag procedure to analyze disaggregated manufacturing exports, unlike past studies that often examined aggregate exports by adopting traditional empirical methods subject to various shortcomings. The estimation results suggest that in long-run depreciation of the Real Effective Exchange Rate improves all classification of manufactruing exports. Our results are more or less consistent with the standard theory. The elasticity is relatively low, except for low-skill manufacturing exports. In the short run, real exchange rate depreciation improves exports of labor-intensive, low-skill, and medium-skill technology-intensive manufacturing. In contrast, depreciation of the real effective exchange rate worsens high-skill technologyintensive exports. Another findings suggest that exchange rate devaluation matters for export performance in Eastern Africa. Nevertheless, the magnitude of this elasticity is low and remains below the findings for Sub-Saharan African and other developing countries. Positive and elastic manufacturing exports with respect to domestic real GDP shows the importance of economic growth to the performance of manufacturing exports. Therefore, policies aimed at boosting exports in the long term should aim to provide a conducive environment for economic growth rather than continuous devaluation of a domestic currency.
exports are higher if it specializes in manufacturing (Hausmann, Pritchett and Rodrik 2005) . Second, development of the manufacturing sector induces substantial dynamic productivity gains, and consequently, induces growth arising from economies of scale, learning effects, and externalities among firms and industries (Hausmann, Pritchett and Rodrik 2005) . Third, owing to relatively higher price elasticities of both demand and supply, developed countries' economies are less susceptible to price swings (Elbadawi 1999) .
The common factors behind the collapse and poor performance of many African economies in the period since African nations gained independence in the 1960s are the low growth of exports in general and manufacturing exports in particular (Amakom 2012) . One major factor that has hindered the growth of manufacturing exports has been overvaluation of foreign exchange rates (Collier and Gunning 1999) . According to Collier and Gunning (1999) , this overvaluation was a common factor in the dramatic decline in export volumes during the 1970s and early 1980s in Ghana, Uganda, and Tanzania. Reversal of this policy was a key change that triggered growth of export volumes. The evidence seems clear that policies that avoid an overvalued Real Exchange Rate (RER) are a precondition for growth of manufacturing exports. All countries that have successfully promoted manufacturing exports have experienced RER depreciation, leading domestic relative price of tradable good to rise relative to prices of non-tradable goods (Sekkat and Varoudakis 2000) .
Several studies have investigated the effect of exchange rates on manufacturing exports in both developed and developing countries using different econometric methods. Sekkat and Varoudakis (2000) empirically assessed the impact of exchangerate policies on manufacturing export performance for a panel of major SSA countries over the period 1970~1992 and confirmed that depreciation clearly fosters manufacturing exports' performance. Thorbecke and Zhang (2009) found that an appreciation of Chinese currency would substantially reduce China's exports of clothing, furniture, and footwear. Zia and Mahmood (2013) confirmed that manufacturing sector exports improve following exchange-rate devaluation, but this growth is offset by exchange rate volatility. Empirical evidence by Grobar (1993) showed that some categories of manufacturing exports from less-developed countries are negatively affected by RER uncertainty.
In recent years, East African countries have continously devalued their currencies with the intention to improves trade balances through boosting exports, particularly manufacturing exports. However, their exports, and particularly manufacturing export Vol.32 No.4, December 2017 , 891~912 Fetene Bogale Hunegnaw http://dx.doi.org/10.11130/jei.2017 jei growth, has not been satisfactory. In fact, the efficiency of currency devaluation to promote exports in this region is under debate. Nevertheless, the literature examining the effect of devaluation on manufacturing exports in East African countries is scant. Moreover, some existing studies have focused on cross-country analyses and are static in nature. They have not addressed short-and long-run effects of foreign exchange rates on manufacturing exports and used ordinary least squares, even though several variables in the exports model were non-stationary. Therefore, the null hypothesis will be wrongly rejected in such analyses (Engle and Granger 1987) . Others used the Vector Error Correction Method (VECM) for small observations (Toda 1995) . Moreover, with few exceptions, all of the prior studies focused on aggregate manufacturing exports.
Using aggregate data causes aggregation bias; significant price elasticity in one manufacturing export sector could be offset by insignificant elasticity in another manufacturing export sector. The sign of Real Exchange Rate (RER) effects may vary among different manufacturing classifications. One classification might be in line with aggregate manufacturing exports, whereas others might be inconsistent with aggregate manufacturing exports.
1 Therefore, these gaps open a new research area in the study of manufacturing export elasticities. This study attempts to investigate the relationship between disaggregated manufacturing exports and the Real Effective Exchange Rate (REER) by using an autoregressive distributed lag model. The rest of the paper is constructed as follows. In the next section, we explain our data and model, and Section III discussed the empirical results. Lastly, Section IV concludes the paper, including our suggestions.
II. Data and Model

A. Data description
The empirical analysis used for manufacturing exports is based on SITC 3 classification (X S ), REER, domestic real GDP (Y D ), and foreign real GDP or real GDP of the top 10 trade partners (Y F ). The annual frequency of this series was obtained from 1995 to 2013. We construct REER as the weighted average RER of 10 trade partners. The RER was obtained by employing domestic and US price indices. The exchange rate is defined as domestic currency per unit of foreign currency. We construct the REER based on the country's top 10 trade partners' trade weight by following Thapa (2002) 's procedure (1) where NER is the nominal exchange rate against trade partner j; n is the number of trade partners; CPI i is the country's own consumer price index; CPI j is the consumer price index of trade partner j; and j is the average trade weight of trade partner j for the years 1995~2013:
(2) where j = 1, 2,…,10; top trade partners (Boumbouya 2009) Dornbusch (1980) and Meese and Rose (1990) , the simple relationships among export supply, exchange rates, and income are defined as (3) (4) where X sit is the quantity of s classified manufacturing exports for country i at time t; Ln(REER) it is the natural log of the REER for country i at time t; ln(Y D ) it is the natural log of the country i's own real GDP at time t; and ln(Y F ) it , is the natural log trade weight of real GDP 3 of foreign country i at time t.
The ARDL approach is used to estimate the empirical trade balance model. To estimate an ARDL equation for panel data, Pesaran et al. (1999) developed a mean group estimator (MG) and a pooled mean group estimator (PMG). The MG 4 estimator imposes no restrictions on the parameters of ARDL specification and derives the longrun parameters obtained from individual ARDL estimates, whereas the PMG estimator constrains the long-run parameters to being the same but allows intercepts, error correction terms, and for the short-run parameters to differ freely across countries. The ARDL approach offers the following advantages. First, unlike other cointegration procedures, ARDL can be applied to a fractionally integrated series. Second, ARDL is suitable even for small samples (Gujarati 2012) . 5 Third, the ARDL technique provides unbiased estimates for the long-run model and valid t-statistics even if some regressors are endogenous (Harris and Sollis 2003) . This reflects the fact that the model's dynamic specification is sufficiently augmented so that the regressors are strictly exogenous and the resulting residual is serially uncorrelated. Thus, in the case of difference-stationary variables, appropriate augmentation of regressor order is sufficient to simultaneously correct for residual serial correlation and the endogeneity problem in the estimation of long-run parameters. The presence of long-run relationships in variables is often determined using Johansen's cointegration technique. However, the power of Johansen's test in a multivariate system with small sample sizes can be severely limited. To solve this problem, the panel cointegration approach and t-statistics, proposed by Pedroni (2004) , is used.
The specification for the ARDL system of equations is formulated as follows, based on Asteriou and Hall (2007): (5) This model can be re-parameterized as an ARDL-VECM system as follows: (6) where i = number of lags; j = 1, 2, 3, 4,…, 10 is number of countries; Z j,t−1 is the (K×1) vector of explanatory variables X = (RER, Y D , Y F ) for country j; μ j is the countryspecific effect; ε it is the error term; t denotes time; parameters β jn : n = 1, 2, 3 are the shortrun dynamic coefficients; parameters δ n : n = 1, 2, 3 are the long-run coefficients; and θ j represents the error correction coefficient.
Both MG and PMG estimations require selecting the appropriate lag for the individual country equations. This selection is made using the Schwarz Bayesian criterion 6 (SBC).
We assume that in the long run, countries in this region are expected to have similar sectoral structures, extent of liberalization, and monetary policies. In the short run, however, their monetary policy, exchange-rate policy, scope of liberalization, and other external and internal shocks are expected to be heterogeneous. Because the time span is very short, the MG estimator does not have sufficient degrees of freedom. A Hausman test can be verify whether a significant difference exists between the PMG and MG.
6 According to Acaravci and Ozturk (2012) and Shin (1995, 1998) , the SBC is generally used in preference to other criteria because it tends to define more parsimonious specifications. In this research, the small data sample is another reason to prefer SBC. If the ARDL model is chosen by AIC instead, the estimates lack desirable properties. This is because SBC has consistent model selection criterion. For details, see Hasem and Shin (1999) . The null hypothesis is that the difference between PMG and MG estimations is not significant. If the null hypothesis is not rejected, they are not significantly different; in this respect, we use the PMG estimator.
Ⅲ. Empirical Results
A. Manufacturing exports
The definition of manufactured used here refers to manufactured goods by degree of manufacturing groupings (SITC Rev. 3 ). This definition is narrower than that used by production and employment statisticians. The SITC 3 classification, manufacturing exports are grouped into four categories based on extent of embodied skill and technology: (1) labor-and resource-intensive, (2) low-skill and technology-intensive, (3) medium-skill, and (4) high-skill and technology-intensive manufacturing exports. The composition of average manufacturing exports in East Africa for the years 1995~2013 is indicated in Table 1 . The concentration of manufactures in resource-based products is particularly important given Eastern Africa's relative abundance of natural resources, thus highlighting a degree of specialization according to comparative advantage. Madagascar, Mauritius, and Ethiopia are leaders in generating a high proportion of laborand resource-intensive manufacturing exports. A fallacy for this region is that high-skill manufacturing exports are more prevalent than low-and medium-skill manufacturing exports. One possible explanation for this perception is the increasing of share of FDI manufacturing exports to total manufacturing exports. For example, in Rwanda (up to 80%) and Ethiopia (75%), followed by Kenya and Nigeria (approximately 25%) of FDI export manufacturing may be linked to construction material production such as cement (Balchin et al. 2016) . These FDI companies are very big and tend to focus on production and manufacturing of high-skilled and technology-intensive manufacturing exports rather than medium-skill manufacturing exports. This pattern is also present in Tunisia and Jordan, where high-skill and high-technology-intensive manufacturing exports are higher than medium-skill and technology-intensive manufacturing exports. In Tunisia, mean high-skill and technology-intensive manufacturing exports from 2003~2010 were 29.9% of total exports, whereas mean medium-skill and technology-intensive exports comprise only 11.2% of total manufacturing exports for the same year. Similarly, in Jordan, mean high-skill and technology-intensive manufacturing exports from 2003~2010 were 29.1% of total exports, whereas mean medium-skill and technologyintensive exports accounted for only 10.9 % of total manufacturing exports for the same years (Diop and Ghali 2012) Figure 1 shows the trend for average manufacturing exports in each classification along with the REER for 10 East African countries. The relationship trend between REER vis a vis the countries' top trade partners' currencies and average manufacturing exports is largely positive. As expected, eliminating currency overvaluation significantly increases the share of manufactured goods exports by making domestic sales less attractive. Although it cannot be determined whether depreciation of the REER promotes production of manufactured goods from the descriptive result, it does confirm that, although overvaluation of the REER is harmful to industrial exports, undervaluation increases manufactured exports. This descriptive result will be checked through an econometric investigation in section three. 
B. Stationarity and cointegration tests
This study uses LLC panel unit root tests to check variables' stationarity in each manufacturing export classification. The results suggest that most variables are I(1); however, several variables may be regarded as I(0). Detailed results are reported in Table 2 . Before conducting stationarity tests, the lag length for the data is chosen based on SBC, and the optimum order of lag is one for all sectors. The long-term relationships among variables is checked using the Pedroni (1999 Pedroni ( , 2004 Table 3 shows the computed Pedroni's test results both with and without intercepts for all manufacturing export classifications. The empirical results allow rejection of the null hypothesis of no cointegration in all manufacturing classification exports for the majority of tests. Generally, although not with all tests, strong evidence of cointegration between these series was found. Pedroni (1999 Pedroni ( , 2004 showed that the panel ADF and group ADF tests have better small-sample properties than other tests; hence, their results are more reliable. In this empirical study, ADF and group ADF test results confirm the existence of a long-run relationship among exports, REER, a country's own real GDP, and tradeweighted foreign real GDP in all classifications of manufacturing exports. Table 4 shows the long-run, short-run, and error-correction coefficients for the four classifications of manufacturing exports and all explanatory variables. Given the existence of cointegration among variables, the long-run relationship is estimated using the PMG and MG estimators. The long-run coefficients estimated from the MG estimator are statistically insignificant for all classifications of manufacturing exports. A Hausman test confirmed that the null hypothesis of long-run homogeneity for each variable cannot be rejected at a 5% significance level. Therefore, the PMG estimator is consistent and efficient under long-run homogeneity. The PMG estimation for elasticities of real exports with respect to REER is positive for labor-intensive, low-skill, mediumskill, high-skill, and technology-intensive manufacturing exports. A 1% devaluation of the REER improves exports by approximately 0.8%, 1.2%, 0.5%, 0.5%, and 0.6% in labor-intensive, low-skill, medium-skill, high-skill, and aggregate manufacturing exports, respectively. This estimate is statistically significant at 1% for labor-intensive, low-skill, high-skill, and technology-intensive exports and significant at 5% for medium-skill and total manufacturing exports. This positive effect is consistent with conventional theory. These findings indicate that devaluation of REER effects tend to be positive for all classifications of manufacturing exports in East African countries. The elasticities for all classifications of manufacturing exports are below one, except for that of lowskill manufacturing exports. The estimated exchange-rate elasticities range between 0.5 (medium skill) to 1.2% (low skill). A 1% devaluation improves aggregate manufacturing exports by 0.6% in Eastern Africa. Therefore, East African-manufactured exports seem to be responsive to incentives: depreciation clearly fosters export performance. Nevertheless, the magnitude of these elasticities remains below the findings for SubSaharan African countries (1.2%) and other developing countries (Khalid and Aristomene 2000) reported in comparable studies. For instance, the elasticities reported by Grobar (1993) are, in general, three times −between 1 and 3.26−as the ones found in this study. Although East African exporters are responsive to incentive mechanisms, they appear less responsive than other developing-country exporters. The predominance of inferior manufacturing exports in the global market, high inflation, high dependency on imported inputs for manufacturing processing, among others, are possible reasons for the low manufacturing export elasticity with respect to exchange rates in East African countries. (iii) "***," "**," and "*" denote 1%, 5%, and 10% levels of significance, respectively. (iv) "Δ" represents the first difference. Xls, Xms, Xht, and total manufacturing exports, respectively. (vi) Ln, REER, Yd, Yf, C, , N, and EC represent logarithm, REER, domestic real GDP, real GDP of the top 10 trade partners, constant, lag one, number of observations, and error correction, respectively.
(Source) Calculations by the author.
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The theory on the relationship between exports and real income is ambiguous. Higher real GDP level stimulates demand for imports and increases the supply of domestic production of tradable goods, leaving the ultimate impact on the ratio of exports to imports somewhat indeterminate and essentially an empirical issue. However, our empirical results show that as a country's own real GDP increases, manufacturing exports increase in all classifications. Table 4 demonstrates that the elasticity of manufacturing exports with respect to domestic real GDP is positive and statistically significant at 1% for all classifications. A 1% increase in domestic real GDP increases real exports by approximately 1.5%, 2.4%, 2.1%, 1.3%, and 1.3% for labor-intensive, lowskill, medium-skill, high-skill, and total manufacturing exports, respectively. The positive sign here points toward the important role played by supply-side factors in driving the output growth of these countries. The elasticities in all classifications of manufacturing exports are higher than one. This shows that all classifications of manufacturing exports have more response to domestic real economic growth than a devaluation of the REER.
According to the traditional theory, an increase foreign real GDP has a positive effect on exports. This positive effect holds for all classifications of manufacturing exports, but is significant only for high-skill and technology-intensive manufacturing exports at 1% and 5%, respectively. Table 4 also lists the short-run and error-correction term coefficients. Apart from a robust a long-run relationship, our short-run error correction estimation is statistically well-behaved. The Error-Correction Term (ECT) coefficient has a negative sign and is statistically significant at 5% for all classifications of manufacturing exports. A negative coefficient ensures that the series is non-explosive so that long-run equilibrium can be attained. The magnitude of ECT estimates measures the single-period response of the dependent variable to its deviation from the equilibrium. For example, in the case of the high-skill, technology-intensive manufacturing export classification, the ECT value is −0.79. This value indicates that a deviation of exports from the long-run equilibrium due to shock in the previous year is corrected by about 79% in the current year. The result indicates that convergence to the equilibrium is swift following a shock. In comparison, in the low-skill classification of manufacturing exports, the ECT is −0.43; this shows that the speed of adjustment is relatively slow in this sector. Thus, the speed of adjustment varies from −0.43 to −0.79, which may be attributed to the difference in competitiveness among different manufacturing export classifications (Kyophilavong et al. 2013) .
In labor-intensive, low-skill, and medium-skill manufacturing exports, short-run real effective foreign exchange rate elasticity is positive but not statistically significant. The Vol.32 No.4, December 2017 , 891~912 Fetene Bogale Hunegnaw http://dx.doi.org/10.11130/jei.2017 jei 908 sign is negative for high-skill, technology-intensive, and total manufacturing exports, but is statistically significant only for high-skill, technology-intensive manufacturing exports. The intuition here is that insignificance of labor-intensive, low-skill, and mediumskill manufacturing exports in East Africa are due to the predominance of inferior manufacturing exports in the global market, high inflation, high dependency on imported inputs for manufacturing processing, low infrastructure (Arora, Bahmani-Oskooee and Goswami 2003) ; (Rakotoarisoa, Iafrate and Paschali 2011), and low fiscal and monetary discipline (Mahle et al. 2013) . For example, according to Mahle et al. (2013) , larger real exchange volatility, overdependence on tobacco exports, low policy credibility, and higher inflation make devaluation ineffective in Malawi. As result, in the short run, the volume effect of exports is less than the price effect.
Ⅳ. Conclusion
This study investigated short-and long-run effects of exchange rates on manufacturing exports classified by material in 10 East African countries using PMG and MG estimators of the ARDL model. The existence of a long-run relationship among variables was confirmed for all manufacturing exports.
The empirical estimations results suggested that depreciation of the REER improves all types of manufacturing exports in long-run, a result that is statistically significant and consistent with the standard theory. However, the long-run elasticity of manufacturing exports with respect to REER is relatively small, except for low-skill manufacturing exports. The magnitude of the elasticities remains below the findings for Sub-Saharan African countries (1.2%) and other developing countries (1 and 3.26).
In the short run, depreciation of the RER improves labor-intensive, low-skill, and medium-skill manufacturing exports. In contrast, depreciation of the REER worsens high-skill and technology-intensive exports. The empirical estimate showed that RER depreciation improves aggregate manufacturing exports, but this finding was not insignificant. An increase in real GDP bosts manufacturing exports, and the coffieicent was statistically significant. Similarly, increases in foreign real GDP improve all manufacturing exports classified by material, but this effect is statstically signficant only for high-skill manufacturing and aggregate manufacturing exports. This is possibly because the response of high-skill exports with respect to exchange rates is higher than the response of labor-intensive, low-skill, and medium-skill exports with respect to the REER. In addition, aggregate manufacturing exports' response with respect to the REER is statistically significant in reflection of high-skill intensive manufacturing exports.
Our findings suggest that exchange rate devaluations matter for export performance in Eastern Africa. Nevertheless, the magnitude of such elasticity is low and remains below level found for Sub-Saharan African and other developing countries. A positive and elastic relationship between manufacturing exports and domestic real GDP shows the importance of economic growth to the performance of manufacturing exports. Therefore, policies aimed at boosting manufacturing exports in the long term are suggested as a way to provide a conducive environment for manufacturing exports prior to continuous devaluation of the domestic currency.
Received 10 August 2017, Revised 11 October 2017 , Accepted 6 November 2017 
